ABSTRACT. Habitual abortion is associated with the altered expression of multiple genes. This study was carried out to investigate the relationship between expression of Toll-like receptor 4 (TLR4) and monocyte chemotactic protein 2 (MCP2 or CCL8) and habitual abortion. This was done by detecting and comparing their relative expression in peripheral blood and placental villi of patients and healthy fertile women. Based on our previous research, 85 subjects with habitual abortion (study group) and 40 healthy fertile women (control group), who were admitted to our hospital between June 2013 and December 2014, were enrolled in this study. After these subjects signed written informed consent, peripheral blood samples and villous tissues were collected, from which the total RNA was extracted. The expression of TLR4 and MCP2 was detected with quantitative reverse transcription-polymerase chain reaction, using GAPDH as a reference control. The expression of TLR4 and MCP2 in the peripheral blood and villous tissues of the study group was significantly higher than that of the control group (P < 0.05). A positive correlation was also 2 X.P. Li et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 15 (2): gmr.15027378 observed between the changes in expression levels of TLR4 and MCP2. In conclusion, TLR4 and MCP2 expression correlated with the occurrence of habitual abortion. Detecting expression changes in TLR4 and MCP2 in the peripheral blood is a feasible method for predicting the occurrence of abortion in women of child-bearing age.
INTRODUCTION
Habitual abortion, also known as recurrent miscarriage, is an infertility disease clinically defined as 2 to 3 consecutive failed pregnancies or stillbirth. It is a common disease in women of child-bearing age and most patients suffer from varying degrees of depression (Burrough et al., 2011; Chessa et al., 2014) . This disease seriously affects the physical and mental health of patients, and even influences their normal lives.
The pathogenesis of habitual abortion has not yet been identified. It is acknowledged that the causes of habitual abortion are multiple and complex, including genetic factors, immunological factors, trauma, and viral/bacterial infection (Clark et al., 2003) . With the development of laboratory medicine and gene engineering, some progress has been made to explore the relationship between gene expression and habitual abortion occurrence. It has been found that habitual abortion is correlated with expression of Toll-like receptor 2 (TLR2), nuclear factor (NF)-kB, methylenetetrahydrofolate reductase, and human leukocyte antigen. This provides a clinical basis for forecasting the occurrence of habitual abortion (Jiang et al., 2006; Heinig et al., 2007; Hirschfeld et al., 2007; Gulic et al., 2013) . Therefore, understanding the pathogenesis correctly is essential for discovering potential effective methods of prevention and treatment, with the final aim of reducing the incidence of habitual abortion and improving the diagnosis and treatment standards.
Studies have found that TLRs have a direct relationship with habitual abortion due to their promoter polymorphisms, and monocyte chemotactic protein 2 (MCP2) has a potential phenotypic correlation with habitual abortion. In-depth understanding of the pathogenesis of habitual abortion may help explore effective clinical markers and provide theoretical support for clinical diagnosis, which can effectively reduce its incidence and adverse effects (Clark et al., 2003; Silva et al., 2012; Li et al., 2013; Rashidi et al., 2015) . Combined with our former research, 85 subjects with habitual abortion (study group) and 40 healthy fertile women (control group), who were admitted to our hospital between June 2013 and December 2014, were enrolled in this study. After these subjects signed written informed consent, peripheral blood samples and villous tissues were collected, from which the total RNA was extracted. The expression of TLR4 and MCP2 was detected with quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR) to investigate the correlation between changes in expression and the occurrence of habitual abortion. In this way, we hope to provide more information for further study of the pathogenesis of habitual abortion.
MATERIAL AND METHODS

Clinical data
Eighty-five patients (average age 30.7 ± 4.6 years) with habitual abortion admitted to our hospital from December 2013 to June 2014 were enrolled in the study group. They had been diagnosed with miscarriage at least twice with the assistance of ultrasonic confirmation. Their chromosome examination results, endocrine function and uterine were normal. Forty normal fertile women (average age 31.1 ± 4.5 years) without abortion history or family genetic disease who were referred to the hospital during the same period were enrolled in the control group. The average ages of the two groups had no statistical difference (P > 0.05). All subjects were informed of the study and signed the informed consent form.
The blood collection tools and anticoagulant tubes used in the study were provided by our department. RNA extraction TRIzol kits and reverse transcription kits were bought from Takara Bio Group (Shiga, Japan); qRT-PCR kits were from Promega Corporation (USA); PCR primers were synthesized by Shanghai Yingjun Company (Shanghai, China); and the PCR instrument used was BIO-IQ5 (Bio-Rad Laboratories Inc., USA).
Sample collection and RNA extraction
Venous blood (3-5 mL) was drawn from subjects who met all criteria, and the chorionic villi were obtained through suction operation and immediately frozen in liquid nitrogen. RNA was extracted from the whole blood and the equal-weight chorionic villi by TRIzol. Briefly, 1 mL TRIzol reagent was added to 1 mL blood or 50 mL villi tissue, which was then homogenized on ice and put back into the original centrifuge tube. Chloroform (0.2 mL for blood/0.16 mL for villi) was added and tubes were oscillated rapidly for 15 s and then left to stand for 2 min. Tubes were centrifuged at 4°C and 12,000 g for 15 min, after which the supernatants were placed into new 1.5-mL RNase-free tubes. Isopropyl alcohol (0.5 mL) was added to each tube, mixed gently, and placed at -20°C for 2 h. After this, the tubes were centrifuged at 4°C and 12,000 g for 15 min and the supernatants were discarded. The pellets were washed with 75% ethanol, after which the tubes were centrifuged at 4°C and 7500 g for 5 min, and the supernatant was discarded. The tubes were kept at room temperature for 10 min and 20 µL ultra-pure water was added to the pellet (to promote the dissolution of the pellet, the tubes were incubated at 65°C for 10-15 min). The extracted RNA was analyzed by modified gel electrophoresis, and then aliquoted into 0.5-mL tubes. Ten microliters of RNA extract was removed from each tube and diluted in 490 µL ddH 2 O (50 times dilution). The concentrations (mg/mL) were detected on an ultraviolet spectrophotometer.
cDNA template synthesis
After the quantification of the extracted RNA, 1 µg RNA was used to conduct reverse transcription. The extracted RNA was reversely transcribed into cDNA with reverse transcription kits according to the manufacturer protocol. Briefly, the RNA-primer mixture was made in a tube and then mixed with 1 µg RNA template, 0.5 µL random primer and 0.5 µL oligo (DT) primer. RNase-free water was then added to 5 µL and the mixture was placed in a 70°C water bath for 15 min. The mixture was cooled on ice for 5 min and spun briefly for 5 min. The reverse transcription reaction solution was prepared according to the manufacturer protocol. This reaction solution was combined with the RNA-primer mixture to conduct PCR reverse transcription. The protocol used was 42°C for 1 h and 70°C for 15 min. The products were stored at 4°C. The reverse transcription product was stored at -80°C.
Detection of TLR4 and MCP2 expression in peripheral blood and villi tissue by qRT-PCR
The reverse transcribed cDNA was the template for detection. The reaction system included 8 µL 2X Buffer MIX, 0.5 µL each primer (forward and reverse), 1 µL cDNA, and 10.5 µL ddH 2 O. GAPDH was used as an internal control. Each sample was repeated three times. The reaction was conducted for 50 cycles of 94°C for 2 min; 94°C for 15 s; and 60°C for 45 s. Expression of TLR4 and MCP2 was evaluated by fold-changes normalized to GAPDH. Primers for TLR4, MCP2 and GAPDH were designed by the Primer 5 software according to the published gene sequences in NCBI. Primer sequences are shown in Table 1 . 
Statistical analysis
The data from qRT-PCR were analyzed by SPSS17.1 (Chicago, IL, USA). The expression quantities of TLR4 and MCP2 are reported as means ± standard deviation. The difference in TLR4 and MCP2 expression between the two groups was compared, and P ≤ 0.05 indicating statistical significance.
RESULTS
Gel electrophoresis detection of extracted RNA
Extracted RNA was confirmed by running gel electrophoresis to ensure that the extraction was as expected and usable for the following study. The results are shown in Figure  1 (due to the large number of samples only a few samples are shown) and all indicated that the extracted RNA samples could be used for the following study. 
Analysis of TLR4 and MCP2 cxpression in the study and control groups
Results from qRT-PCR showed that the expression levels of TLR4 and MCP2 in the study group were significantly higher than in the control group (Table 2 ). In patients with habitual abortion, the expression levels of TLR4 and MCP2 were significantly higher than those in the control group. The results also show that the change in TLR4 expression was close to that of MPC2, which indicates that the expression of MCP2 and TLR4 is positively correlated and could be useful values in the pathogenesis and diagnosis of habitual abortion. 
DISCUSSION
The birth of a new life is an extremely complex and regulated process, and involves the immunological interactions between maternal and paternal gametes, the maternal immunological function, expression of genes inherited from both parents, and chromosome structure (Wilding et al., 2004; Burrough et al., 2011; Turner et al., 2012; Xie et al., 2014) . At present, habitual abortion not only seriously affects the patient's psychological and physiological health, but the quality of life of the patient's family. In addition, varying degrees of depression have been found to occur in the majority of patients. Studies have found that the probability of depression was significantly higher in patients with habitual abortion than that in normal pregnant women (Burrough et al., 2011; Yin et al., 2013; Chessa et al., 2014) .
Studies have shown that the causes of habitual abortion can be divided into two major categories: immune factors and non-immune factors. Immune factors mainly refer to autoimmune disorders and impaired self-regulation of hormones, resulting in recurrent miscarriage (Yu et al., 2008; Andre and Cortes, 2015; Chen, 2015) . In this study, the focus lies on MCP2 (CCL8), an immune chemokine that has some connection with the regulation of the human immune system. Research has found that the expression of MCP2 and its receptors is involved in the erosion of trophoblast cells and the activation and migration of immune cells, which plays an important role in inducing pregnancy immune tolerance. The expressed and secreted regulatory proteins play an important role in the immune tolerance in pregnancy (Li et al., 2013; Garcia et al., 2015; Rashidi et al., 2015) . The abnormal expression of MCP2 will directly lead to embryonic diapauses or might affect the embryo implantation and growth, indirectly causing abortion. Therefore, the study of the changes in expression of MCP2 has important significance in illustrating the pathogenesis of habitual abortion (Park et al., 2014; Pérez-Garijo and Steller, 2014; Hsuuw and Chan, 2015; Jung et al., 2015) . TLR4 is one of the important human innate immune receptors. It can induce the activation of the NF-kB transcription factor through the recognition of lipopolysaccharides and regulate the expression of related factors, such as tumor necrosis factor (TNF)-a and interleukin (IL)-12, all of which can lead to habitual abortion.
The results of this study show that TLR4 and MCP2 expression in the peripheral blood and chorionic villi of patients with habitual abortion was significantly higher than that in normal pregnant women, which is consistent with previous studies. This indicates that TLR4 and MCP2 play an important role in the occurrence of habitual abortion. However, the relationship between the changes in expression of TLR4 and MCP2 and the incidence of habitual abortion is not well studied thus far. It has been suggested that a relationship exists and our study shows that there is a positive correlation between TLR4 expression, MCP2 expression and occurrence of habitual abortion. Detection of TLR4 and MPC2 can effectively predict the probability of habitual abortion in the clinic, which could enable clinicians to take action as soon as possible and to avoid the adverse consequences.
